1 The risk factors for the recurrence of head and neck cancer are classified as high or 2 intermediate risk. Intermediate risks include multiple positive nodes without 3 extracapsular nodal spread, perineural/vascular invasions, pT3/T4 primary tumors, and 4 positive level IV/V nodes. However, little evidence is available to validate intermediate 5 risk factors. We analyzed perineural/vascular invasions in 89 patients who underwent 6
INTRODUCTION
Extracapsular nodal spread and the presence of positive margins are major adverse 2 prognostic factors for survival in head and neck cancer. Patients with these prognostic 3 factors are considered to be at high risk of recurrence and have a survival benefit of 4 postoperative adjuvant chemoradiotherapy in head and neck squamous cell carcinoma [1] [2] [3] . are controversial and need to be studied further. In particular, not many studies have 19 discussed the intermediate risk factors: only the RTOG trial #9501 and EORTC trial 20 #22931 1-3 . Nevertheless, several studies have reported adverse effects associated with 21 chemoradiotherapy 6,7 . Therefore, it is necessary to accumulate evidence regarding the 22 truly effective treatments for patients with oral cancer in order to perform the correct The patient demographics are summarized in Table 1 . The male-to-female ratio was 19 1.28, and 50 subjects were male. The mean age at diagnosis was 63.4 years (range, 28- Perineural invasion was associated significantly with T-classification, histopathological 4 nodal status, POI, DOI, and distant metastasis, but not with local recurrence (Table 2) .
5
Univariate analysis using the two-tailed Fisher's exact tests revealed that perineural 6 invasion had a strong relationship with T-classification (P = 0.02), histopathological 7 nodal status (P = 0.005), POI (P < 0.001), DOI (P < 0.001), and distantmetastasis (P = 8 0.02). Kaplan-Meier analyses followed by log-rank tests showed that perineural 9 invasion was significantly associated with 5-year DSS and OS ( Figure 1A, B ). The 10 5-year DSS and OS of patients with perineural invasion were significantly lower than 11 those of patients without perineural invasion (P < 0.001 and P = 0.002, respectively).
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The 5-year DSS of individuals with perineural invasion was 60.9%, compared with 13 96.7% in those without. Similarly, the 5-year OS of patients with perineural invasion 14 was 60.9%, compared with 90.2% in those without perineural invasion.
15

Association of vascular invasion with clinicopathological factors and survival 16
Vascular invasion was significantly associated with histopathological nodal status and 17 DOI but not with local recurrence and distant metastasis ( Table 2) . Univariate analysis 18 revealed that vascular invasion was a risk factor for histopathological nodal status (P = 19 0.005) and had a strong relationship with DOI (P = 0.01). The Kaplan-Meier analysis 20 followed by log-rank tests revealed that vascular invasion was significantly associated 21 with 5-year DSS ( Figure 1C ). The 5-year DSS of patients with vascular invasion was 22 significantly lower than that of those without vascular invasion (P = 0.03). However, 
Correlation between perineural and vascular invasion and DOI-specific survival rates 22
Perineural and vascular invasion had strong relation with DOI, respectively. Because 23 perineural/vascular invasion were possible to just be a surrogate marker for DOI, we 24 9 evaluated the relationship between perineural/vascular invasion and DSS in condition 1 that each DOI groups (<4mm; n=55, ≥4mm; n=34) eliminating influence of DOI. In 2 DOI <4mm group, only 2 patients were dead. It was difficult to dissert the tendency. cell carcinoma was reported to be 2-82% 11,12 . In addition, some studies revealed a 13 correlation between perineural invasion and prognostic factors [11] [12] [13] [14] [15] [16] . Some reports 14 suggested that perineural invasion had no effect on 5-year local control and OS 13,14 . In 15 contrast, other studies demonstrated that perineural invasion was significantly related to 16 local recurrence, regional metastasis, and survival 11,15 . In the present study, perineural 17 invasion was unrelated to local recurrence, but had a strong relationship with regional 18 metastasis and survival. Chatzistefanou et al. 16 also concluded that perineural invasion 19 found to be an independent prognosticator for neck metastasis and regional recurrence.
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Consistent with this, some previous studies revealed that vascular invasion increased the 21 risk of regional metastasis and poor prognosis 12 . In contrast, other reports demonstrated 22 that vascular invasion was not related to any prognostic factors [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . In the current study, 23 vascular invasion-positive status was related to the occurrence of nodal metastasis and 24 10 had a strong relationship with 5-year DSS, but did not affect local recurrence and OS. 1 
Distant metastasis had a relation with perineural invasion and no relation with vascular
2 invasion in present study. However, It is difficult to discuss about this point because 3 distant metastasis were occurred only 3 cases in the current study. These results suggest 4 that perineural/vascular invasions are effective predictors of regional metastasis. In with perineural/vascular invasion should be analyzed further.
20
In conclusion, perineural and vascular invasion are risk factors for regional metastasis 21 and adverse prognosis. In particular, perineural invasion has a strong relationship with 22 prognosis. We recommend that elective neck dissection should be considered when This study was approved by the ethics committees of the Nagasaki University Hospital. 
